Objectives: To conduct a meta-analysis of computer technology-based HIV prevention behavioral interventions aimed at increasing condom use among a variety of at-risk populations.
Behavioral interventions for HIV prevention have advanced greatly over the past 25 years. Reviews and meta-analyses of the literature demonstrate that efficacious individual-level and group-level interventions to increase condom use and reduce incident sexually transmitted diseases (STD) have been developed for numerous at-risk and infected populations [1] [2] [3] [4] . Virtually all of these interventions, however, require human facilitators for their implementation. For example, a recent review of 18 'best evidence' interventions revealed that all 18 necessitated a counselor, health educator, or some other facilitator [4] . Given the documented fact that clinical and community settings often do not have the human resources to devote to such interventions [5] [6] [7] , the ability to disseminate efficacious interventions into many practice settings remains limited. Additional challenges to disseminating interventions include barriers such as length or format [7] [8] [9] and translational challenges with regard to intervention fidelity [10] [11] [12] [13] . To date, these barriers and challenges have limited the public health impact of HIV prevention behavioral interventions.
interventions are those that use computer technology as the primary or sole medium from which to deliver an intervention [14] . These applications hold much promise for several reasons, including the cost of implementing such interventions once they have been developed is minimal compared with those requiring significant human resources; intervention fidelity is maintained through the standardization of content; computerized interventions can individually customize intervention content through the use of computer algorithms; computer technologies include features such as interactivity and multimedia, which may aid in the fostering of behavioral change; and computerized interventions tend to be brief as well as flexible in terms of dissemination channels, which might include community-based agencies, clinical settings, and the Internet [15, 16] .
An increasing number of applications of computer technology to HIV prevention have been tested in a series of recent randomized, controlled trials. This literature contains a variety of applications, including interventions tailored to individual risk characteristics [17, 18] , those targeted on group characteristics [19] , and interactive video interventions, which simulate 'virtual' decision-making experiences [20, 21] . Such interventions have been tested with heterosexual adolescents and young adults [17, 19, 22] , men who have sex with men (MSM) [21, 23] , and at-risk women [18, 24] . These interventions have been delivered on screen, over the Internet, and via computer-tailored print materials. Such studies have provided the first tests of the potential efficacy of computer technology-based interventions in modifying HIV-related sexual risk behavior.
A critical question is whether these computer-based interventions are efficacious in reducing sexual risk behavior. If so, such interventions would hold much promise for increasing the delivery of HIV prevention messages to a variety of at-risk audiences. Thus, the purpose of the current study was to conduct a meta-analysis of these intervention trials. 
Method

Search strategy
In order to ensure a comprehensive search, a detailed strategy to search for published and unpublished studies relevant to this meta-analysis was undertaken. The intent was to locate all studies through March of 2008 that were applicable to this meta-analysis. First, comprehensive searches of the Medline and PsycINFO databases were conducted. Numerous keywords were used in combination in the search, including computer, technology, Internet, cell phone, personal digital assistant (PDA), chat room, tailor, HIV, AIDS, prevention, condom use, safe(r) sex, program, and intervention. Second, forward citation searches were conducted on all articles located in the PsycINFO and Medline searches, using the Social Science Citation Index. These searches identified any published studies that cited any of these previously located studies. Third, review articles in this area [6, 14, 25, 26] were examined and any studies that had the possibility of being relevant to this meta-analysis were located. Fourth, once the final set of articles was identified for this study, each article's reference list was examined for possible additional relevant articles that might apply here.
In order to potentially include unpublished work in this meta-analysis, an e-mail message was developed soliciting unpublished studies for the project. An e-mail list of researchers who were (or were potentially) conducting work in this area was developed from all of the studies identified in all of the searches. The message was sent to a total of 44 researchers, and resulted in a total of 17 replies with accompanying information. This process ultimately resulted in five (largely unpublished) manuscripts, which contained the results of six studies, being added to the meta-analysis [23, 24, 27, 28] All studies identified through the above searches were considered for inclusion in this meta-analysis. In order to be included, a study had to meet the following inclusion criteria. Studies had to: (1) Initial searches resulted in hundreds of abstracts that were examined for relevance. Approximately 49 articles that had the potential to be included in the meta-analysis were located and closely examined for relevance. Of these:
(1) 18 studies (37%) were excluded because they did not include any measures of unprotected sex or condom use as a behavioral outcome, for example [29] ; (2) seven studies (14%) were excluded because they did not utilize a randomized design that included a control or comparison group, for example [30] ; (3) six studies (12%) were excluded because they did not utilize computer technology, for example [31] ; (4) five studies (10%) were excluded because they were not intervention studies, for example [32] ; and (5) one study (2%) was excluded because it was an intervention with HIV positive persons [33] .
As a result, a final set of 12 studies (25%) met all the criteria and was included in the meta-analysis.
Article coding
Articles were coded on numerous dimensions by two independent coders. Features coded included demographic and sample characteristics; intervention characteristics such as intervention type, content, delivery, dose, and theoretical framework(s); and methodological characteristics including length of follow-up, study retention, and type of comparison group.
The coders and the first author met to discuss each article after it was coded to compare the two coders' work and discuss any discrepancies that were present. Intercoder reliability was calculated for each characteristic that was coded. Percentage agreement was calculated by dividing the number of agreed upon coding instances by the total, and was calculated for each coding category. Cohen's k for intercoder reliability [34] was also calculated. Mean percentage agreement across all coding categories was 98%, or k ¼ 0.95. These figures indicated very good agreement among the coders. All discrepancies between coders were resolved through discussion between the two coders and the first author.
Effect size extraction and calculation
Cohen's d, or the difference in treatment and control means divided by the pooled standard deviation, was used as the effect size indicator [35] [36] [37] . Effect sizes were calculated from data reported in the article (for example, summary statistics, t-test) using appropriate formulas [37] . Articles that reported results in terms of percentages were converted to odds ratios (OR) and then to d following published guidelines [38] . Adjusted statistics were used in calculating effect sizes to ensure that any baseline differences among the groups were taken into account. Where adjusted statistics were not reported, group differences were adjusted for using baseline data contained in the study report.
In most cases, only one comparison condition existed for purposes of computing effect size estimates. In three cases, however, two potential comparison conditions existed. In those cases, the most-minimal intervention condition was used in order to most accurately estimate the 'absolute' effect of the computer-based intervention condition. All effect sizes were calculated from data based upon the longest term follow-up assessment for which data were provided. This allowed a meaningful period of time (in most cases 3-6 months) to pass after the intervention was implemented [4] . In order to keep effect sizes consistent, all studies in which the computerized condition outperformed the comparison were given a positive sign (þ), whereas a negative sign (À) indicated that the reverse of this was true.
Effect sizes were calculated on the four outcomes reported in the studies -condom use (or unprotected sex), frequency of sexual behavior, number of sex partners, and incident STD. Outcomes reported in the studies varied greatly, and the key outcome reported across all the studies was condom use (k ¼ 11) or unprotected sex (k ¼ 3). Consistent with meta-analytic convention in this area [2, 39] , effect size was calculated by taking into account all reported measures of condom use and unprotected sex that were available. Given that most studies only reported data on condom use, this variable is hereafter referred to as condom use.
Meta-analytic approach Effect sizes were weighted by sample size and combined using standard fixed and random effects meta-analytic procedures and are presented along with their 95% confidence intervals (CI) [37, 40, 41] . Because results were very similar in both sets of analyses, only fixed effects results are presented. The Q statistic was used to examine whether significant heterogeneity existed among the effect sizes. Effect sizes for the a priori hypothesized categorical moderators were calculated along with their 95% CI, and those effect sizes were statistically compared to one another using the Q B statistic. In addition, in the case of continuous (i.e., interval-level) moderator variables, correlations were calculated between particular moderator variables and effect size. All analyses were conducted using Comprehensive Meta-Analysis software, Version 2.0, and Statistical Package for the Social Sciences (SPSS), Version 15.
Results
The k ¼ 12 studies had a cumulative N ¼ 4639 (median N per study ¼ 319) and were published (or presented) between 2002 and 2008 (median ¼ 2006; Table 1 ). All studies were conducted in the United States, except for one study conducted in the Netherlands [23] . Ten of 12 studies (83%) were of heterosexually active samples, whereas the remaining k ¼ 2 were of MSM. Six studies (50%) were of mixed male/female samples, whereas k ¼ 4 were female-only and k ¼ 2 were male-only studies. Mean age across the 12 studies was 22.52 years (SD ¼ 6.76).
The most common intervention type was an individually tailored intervention (k ¼ 6). This was followed by GROUP TARGETED (k ¼ 3), virtual decision-making (k ¼ 2), group targeted (k ¼ 2) and mixed-type interventions (k ¼ 1). Most interventions were delivered onscreen using a computer located on site (k ¼ 8), whereas the remainder were delivered over the Internet (k ¼ 3) or via computer-generated print materials (k ¼ 1). Most of the interventions (k ¼ 10) were theory based, with nine of the 10 (90%) being based on behavioral theories that have been commonly applied in HIV prevention [42] . The most commonly applied theory among these studies was the Stages of Change or 'Transtheoretical' Model [43] . Mean retention across the study trials was 70%.
Efficacy of interventions: condom use
All 12 studies reported outcomes on condom use, and the sample size-weighted mean effect size for this variable was d ¼ 0.259 (95% CI ¼ 0.201, 0.317; Z ¼ 8.74, P < 0.001; N ¼ 4639). This indicated that computer technologybased interventions have had statistically significant protective effects on condom use behavior (see Fig. 1 ). When the two studies with low retention (defined as <60%) were removed, the weighted mean effect size increased d ¼ 0.308 (95% CI ¼ 0.238-0.377; Z ¼ 8.64; P < 0.001; N ¼ 3243).
To examine the possibility that publication bias inflated the condom use effect size, two fail-safe N values were calculated. Orwin's method [41] suggested that 51 studies with nonsignificant findings would need to exist to reduce the d ¼ 0.259 to a trivial effect size of d ¼ 0.05, whereas Rosenthal's fail-safe N method [37] suggested that 203 studies with nonsignificant findings would need to exist in order to reduce the effect size to the point of nonsignificance (P > 0.05). These results suggest that a large number of null unpublished studies (that are not already included in this meta-analysis) would need to exist in order to nullify the current effect size.
How does this condom use effect size compare to metaanalytic effect sizes of human-delivered HIV prevention interventions? A recent analysis of meta-analyses of HIV prevention interventions across a number of at-risk populations [3] found that the mean weighted effect size typically achieved in interventions for condom use ranges from an odds ratio (OR) of 1.13 to 1.64. The condom use effect size found in the current study, d ¼ 0.259, coverts to an OR ¼ 1.54. In addition, the largest single metaanalysis of HIV prevention interventions to date [1] found an effect size for condom use of d ¼ 0.18 (which can be compared to the current d ¼ 0.259). These results suggest that the current effect size compares quite favorably with effect sizes from previous meta-analyses.
Efficacy of interventions: other outcomes
Three studies reported on frequency of sexual behavior and three reported on incident STD. Table 2 ).
Heterogeneity and intervention moderators
Next, heterogeneity of effect sizes of the computer-based interventions was examined. Statistical testing indicated significant heterogeneity among the studies with regard to the condom use outcome, Q 11 ¼ 25.62, P ¼ 0.007. Thus, we next computed analyses to explore the potential impact of the a priori determined moderating variables on intervention efficacy for condom use ( --1.00 --0.50 0.00 0.50 1.00 Fig. 1 . Forest plot displaying effect sizes and 95% confidence intervals for condom use. with effect size, suggesting stronger effects in studies with greater retention. Finally, a comparison of studies using HIV intervention comparison groups versus no treatment control groups found that the studies that used HIV intervention comparison groups had smaller effect sizes than those that did not. This difference was not statistically significant, however (Table 3) .
Favors intervention Favors control
Finally, unpublished studies were compared with published ones in order to examine whether effect sizes differed between these two groups. Results indicated no statistically significant difference between the two types of studies (Table 3 ).
Discussion
The results of the current meta-analysis indicate that computer-based interventions have been efficacious in increasing condom use and reducing sexual activity, numbers of sexual partners, and incident STD. Results also suggest that these types of interventions have been as efficacious as many commonly utilized human-delivered interventions in HIV prevention. In addition, three factors make it likely that the condom use effect size observed in the current study is not an overestimate: the comprehensive search that yielded several published and unpublished studies; the analysis that demonstrated similar effect sizes among published and unpublished studies; and the publication bias analysis that suggested that a very large number of null unpublished studies would need to exist in order to nullify the effect size found here. Thus, this meta-analysis indicates that computer-mediated interventions hold much promise for the future of HIV prevention efforts.
Moreover, it is important to point out that computer technology-based interventions have many advantages when compared to human-delivered interventions. These include lower cost to deliver, greater intervention fidelity, and greater flexibility in dissemination channels, which might include in person (for example, clinic setting), mail, Internet, cell phones, or other delivery channels. This is very promising in the context of recent discussion with regard to increasing the dissemination of efficacious HIV prevention interventions [9] [10] [11] [12] [13] . In fact, it is worth noting that the studies included in the current meta-analysis were quite diverse in nature and included heterosexual, MSM, men, women, urban, rural, minority and majority populations. The fact that interventions were successful with a number of such populations may bode well for the broad application of these types of interventions.
Moderators of intervention efficacy were also examined in the current meta-analysis. Interventions directed at a single sex were found to be more efficacious than those directed at both sexes. This finding may reflect the fact that interventions directed at a single sex may be more highly targeted to that audience segment than those developed to be efficacious with both sexes [3] . Interventions were also found to be more efficacious when they utilized individualized tailoring and a Stages of Change model. Computer-tailored interventions, which assess individual characteristics and tailor content at the individual (rather than group) level, have been successfully utilized in cancer prevention for far more than a decade. Reviews of such interventions have found them to be efficacious in changing a number of health-related behaviors [44] [45] [46] [47] . The individually tailored interventions included in the current meta-analysis represent the first applications of these types of interventions to HIV prevention. The results clearly indicate that more applications of tailoring to HIV prevention are warranted.
A final issue worth noting is the distinction between computer-based trials versus those that were Internetbased trials. Although most studies in the current metaanalysis did not use the Internet as a delivery mode, three studies did. It is worth noting that the two trials with poor retention were also the two Internet-based trials (the third intervention [22] recruited individuals in schools). Given that the Internet has emerged as a conduit for individuals to seek and find high-risk sexual partners, developing and testing interventions that can proactively reach out to such populations is a high priority. Thus, future research to improve ways of conducting randomized trials online is warranted.
Conclusion
The HIV prevention behavioral literature appears to be shifting from a focus on development of efficacious interventions to translation and dissemination efforts [9] [10] [11] [12] [13] . Although this is a promising development, numerous challenges to dissemination of current interventions have been encountered [9, 48, 49] 
